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(54) Title: ELECTROLUMINESCENT DEVICE 

(57) Abstract: Disclosed are electroluminescent devices that comprise organic layers that contain triazine compounds. The triazine 
compounds are suitable components of blue-emitting, durable, organo-electroluminescent layers. The electroluminescent devices 
may be employed for full color display panels in, for example, mobile phones, televisions and personal computer screens. 
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ELECTROLUMINESCENT DEVICE 

The present invention relates to organo-electroluminescent (EL) devices, in particular EL 
devices that comprise durable, blue-emitting organo-electroluminescent layers. The organo- 
electrolumlnescent layers comprise certain triazine compounds. 

The present invention is aimed at an electroluminescent device comprising an organic light- 
emitting layer that contains at least one blue-emitting triazine compound. 

US-B-6,352,791 relates to an electroluminescent arrangement, comprising at least two 
electrodes, and a light emitting layer system including at least one emitter layer and at least 
one electron-conducting layer, wherein the at least one electron-conducting layer does not 
emit light and includes one triazine compound, such as, for example, 



US-B-6225467 is directed to organic electroluminescent (EL) devices, which contain an 
electron transport component comprised of triazine compounds, such as, for example, 4,6- 
tris(4-biphenylyl)-1,3,5-triazine, 2,4,6-tris[4-(4 i -methylbiphenylyl)]-1 ,3,5-triazine, 2,4 f 6-tris[4- 
(4'-tert-butylbiphenyIylH.3,5-triazine, 2,4,6-tris[4-{3\4 , Klimethylbiphenylyl)]-1, 3,54riazine, 
2,4,6-tris[4-(4 I -methoxybiphenylyl)h1,3,5-triazine, 2,4 J 6-tris[4-(3 , -methoxybiphenyIyl)]-1,3,5- 
triazine, 2,4-bis(4-biphenylyl)-6-phenyl-1,3,54riazine and 2,4-bis(4-biphenylyl)-6-m-tolyl- 
1 ,3,5-triazine. 

EP-A-1 ,202,608 relates to an electroluminescent arrangement, wherein a host material 
constituting the hole transporting layer is a compound of formula 
R 
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EP-A-1 ,01 3,740 relates to an electroluminescent element, wherein among others the 
following compound can be used as EL material: 




It is the object of the present invention to provide a light emitting element with excellent light 
emitting characteristics and durability. 



Accordingly the present invention relates to an electroluminescent device comprising an 
anode, a cathode and one or a plurality of organic compound layers sandwiched 
therebetween, In which said organic compound layers comprise a triazine compound of 
formula 

w N Y (I), wherein 

R 11 R 11 ' 




W is a group of formula 

X and Y are independently of each other an aryl group or a heteroaryl group, especially a 



group 



f formula 



R 42 ' R 42 




R ,r R 17 R W R ,( 



R " , wherein 

R 11 , R 1r , R 12 , R 1? . R 13 , R w . R", R ,e . R ,$ , R 1,r . R 17 . R ,r . R 41 , R 41 *, R 42 . R 42 ". R 44 . R 44 ". R 46 . R 48 ". 
R 48 , R 461 , R 47 and R 4T are independently of each other H, E, Co-Ciearyl; Ce-Ci 8 ary! which is 
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substituted by G; C-Caalkyl; C-C„alkyl which is substituted by E and/or interrupted by D; 
Cr-Cearallcyl; or Cr-Caaralkyl which is substituted by G; or 

R"and R« R« and rt". R 15 and R« R" and R", R 4 * and R«Wor R 4 * and R"™ °«* 
a divalent group L 1 selected from an oxygen atom, an sulfur atom, >CR 18 R >S.R R . or 

* .wherein 

R« and R 18 are independently of each other d-C^alky!; C-C 1B alkoxy, Ca-C 18 aryl; Or 

SSt, rt- and *». R« and R* R« and R« R» and R- R« andl rf". «» and , R«. 
«" and R 17 R 41 and R 4 * R 42 and R 4 *. R 4 * and R 48 . R 41 ' and R 48 . R 44 and R 4 *. R 48 and R* 
and R 4 *. R 47 and R 47 ". R 4 * and R 48 anoVor R^and R 48 are each a divalent group 

R Vf 

' .wherein 

r 80 R 81 R 82 R 83 R 48 and R 60 are independently of each other H. C-C 18 alkyl; C-Ci 8 alkyl. 
which is substituted by E and/or interrupted by D; E; Ce-Caaort; Ca-C 18 a.yl. which is 
substituted by E; 

R« is H. C^heteroa.yl. C^heteroaryi, which is substituted by G. Ca^aryl. or C(r 
Caoaryi. which is substituted by G, Chalky.-, or C-Caalkyl which is substituted by E and/or 

^23 R 26 R 24 or 

interrupted by D; especially ■ 

R 21 f f 

> > R* wherein R 21 , R 22 . R 23 . R 24 . R 25 . R 26 and R 27 are 

independenUy of each other H, E, C-C^kyl; C-C 18 alkyl whfeh is substituted by E and/or 
interrupted by D; E; C-daaraikyl; CrCaralkyl which is substituted by G; 
R« and R 48 are independently of each other H. E; C-Caalkyl; C,-Ci 8 alkyl, wh.ch is 
substituted by E and/or interrupted by D; CrCaoheteroaryl; C^eteroaryl, which « 
substituted by G. CrC 18 arallcyl; or C-Caaralkyl which is substituted by G; 
D is -CO, -COO; -OCOO-; -S-; -SO-; -SO.; -O-; -NR 5 -; SiR^R 82 -; -POR 8 -. -CR 88 ^ 84 -; or - 

C=C-; 

E Is -OR 5 ; -SR 5 ; -NR 8 R 8 ; -COR 8 ; -COOR 7 ; -OCOOR 7 . -CONR 8 R 6 ; -CN; or halogen; 
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G is E, or Ci-Ci B alkyf> 

wherein R 5 and R 6 are independently of each other Ce-Cisaryl; Ce-Ci 8 aryl which is 
substituted by C r Ci B alkyl ( d-Ci 8 alkoxy; or Ci-d 8 alkyl which is interrupted by-O-; or 




R 5 and R 6 together form a five or six membered ring, in particular ° or 




R 7 is Ce-Ciearyl; Ce-Ciearyl which is substituted by C,-Ci 8 a1kyl, d-Ci 8 alkoxy; or Ci- 
Ci 8 a1kyl which is interrupted by -O-; 

R 8 is C7-Ci 2 alkylaryl; Ci-Ci 8 alkyl; or Ci-Ci 8 alkyl which is interrupted by -O-; 

R 81 and R 62 are independently of each other Ce-Ci 8 aryi; Ordearyl which is substituted by Ci- 

C 18 alkyl, Ci-Ci 8 aIkoxy; or Ci-Ci 8 alkyl which is interrupted by-O-, and 

R 63 and R 84 are independently of each other H. Ce-C^aryl; Ce-Ci 8 aryl which is substituted by 

CrCi 8 alkyi, Ci-Ci 8 alkoxy; or Ci-Ci 8 alkyl which is interrupted by-O-. 

In general, the triazine compound or compounds emit light below about 520 nm, in particular 
between about 380 nm and about 520 nm. 

The triazine compound or compounds have a NTSC coordinate of between about (0.12, 
0.05) and about (0.16, 0.10), preferably a NTSC coordinate of about (0.14, 0.08). 

The triazine compound or compounds have a melting point above about 150°C, preferably 
above about 200°C and most preferred above about 250°C. 

To obtain organic layers of this invention with the proper T g , or glass transition temperature, it 
is advantageous that the present organic compounds have a glass transition temperature 
greater than about 100°C, for example greater than about 110°C, for example greater than 
about 120°C, for instance greater than about 130°C. 

The electroluminescent devices of the present invention are otherwise designed as is known 
in the art, for example as described in U.S. Pat. Nos. 5,518,824, 6,225,467, 6,280,859, 
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5,629,389, 5.486.406, 5.104.740. 5,116,708 and 6.057.048. the relevant disclosures of which 
are hereby incorporated by reference. 

For example, organic EL devices contain one or more layers such as: 
substrate; base electrode; hole-injecBng layer; hole transporting layer, emitter layen electron- 
transporting layer; electron-Injecting layen top electrode; contacts and encapsulation. 
This structure is a general case and may have additional layers or may be simplified by 
omitting layers so that one layer performs a plurality of tasks. For instance, the simplest 
organic EL device consists of two electrodes which sandwich an organic layer that performs 
all functions, including the function of light emission. 

A preferred EL device comprises in this order: 

(a) an anode, 

(b) a hole injecting layer and/or a hole transporting layer. 

(c) a light-emitting layer, 

(d) optionally an electron transporting layer and 

(e) a cathode. 

in particular, the present organic compounds function as light emitters and are contained in 
the light emission layer or form the light-emitting layer. 

The light emitting compounds of this invention exhibit intense fluorescence in the solid state 
and have excellent electtic-field-applied light emission characteristics. Further, the light 
emitting compounds of thts invention are excellent in the injection of holes from a metal 
electrode and the transportation of holes; as well as being excellent in the injection of 
electrons from a metal electrode and the transportation of electrons. They are effectively 
used as light emitting materials and may be used in combination with other hole transporting 
materials, other electron transporting materials or other dopants. 

The organic compounds of the present invention form uniform thin films. The light emitting 
layers may therefore be formed of the present organic compounds alone. 
Alternatively, the light-emitting layer may contain a known light-emitting material, a known 
dopant, a known hole transporting material or a known electron transporting material as 
required. In the organic EL device, a decrease in the brightness end life caused by 
quenching can be prevented by forming it as a muIH-layered structure. The light-emitting 
material, a dopant, a hole-injecting material and an electron-injecting material may be used in 
combination as required. Further, a dopant can improve the light emission brightness and the 
light emission efficiency, and can attain the red or blue light emission. Further, each of the 
hole transporting zone, the light-emitting layer and the electron transporting zone may have 
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the layer structure of at least two layers. In the hole transporting zone In this case, a layer to 
which holes are Injected from an electrode is called "hole-injecting layer", and a layer which 
receives holes from the hole-injecting layer and transport the holes to a light-emitting layer is 
called "hole transporting layer". In the electron transporting zone, a layer to which electrons 
are injected from an electrode is called "electron-injecting layer", and a layer which receives 
electrons from the electron-injecting layer and transports the electrons to a light-emitting 
layer is called "electron transporting layer". These layers are selected and used depending 
upon factors such as the energy level and heat resistance of materials and adhesion to an 
organic layer or metal electrode. 

The light-emitting material or the dopant which may be used in the light-emitting layer 
together with the organic compounds of the present invention includes for example 
anthracene, naphthalene, phenanthrene, pyrene, tetracene, coronene, chrysene, fluorescein, 
perylene, phthaloperylene, naphthaioperylene, perinone, phthaloperinone, 
naphthaloperinone, diphenylbutadiene, tetraphenylbutadiene, coumarine, oxadiazole, 
aldazine, bisbenzoxazoiine, bisstyryl, pyrazine, cyciopentadiene, quinoline metal complex, 
aminoquinoline metal complex, benzoquinoline metal complex, imine, diphenylethylene, vinyl 
anthracene, diaminocarbazole, pyran, thiopyran, polymethine, merocyanine, an imidazole- 
chelated oxynoid compound, quinacridone, rubrene, and fluorescent dyestufis for a dyestuff 
laser or for brightening. 

The triazine compounds of the present invention and the above compound or compounds 
that can be used in a light-emitting layer may be used in any mixing ratio for forming a light- 
emitting layer. That is, the organic compounds of the present invention may provide a main 
component for forming a light-emitting layer, or they may be a doping material in another 
main material, depending upon a combination of the above compounds with the organic 
compounds of the present invention. 

The hole-injecting material is selected from compounds which are capable of transporting 
holes, are capable of receiving holes from the anode, have an excellent effect of injecting 
holes to a light-emitting layer or a light-emitting material, prevent the movement of excitons 
generated in a light-emitting layer to an electron-injecting zone or an electron-injecting 
material and have the excellent capability of forming a thin film. Suitable hole-injecting 
materials include for example a phthalocyanine derivative, a naphthalocyanine derivative, a 
porphyrin derivative, oxazole, oxadiazole, triazole, imidazole, imidazolone, imidazolthione, 
pyrazoline, pyrazolone, tetrahydroimidazoie, oxazole, oxadiazole. hydrazone, acylhydrazone, 
polyaryialkane, stilbene, butadiene, benzidine type triphenylamine, styrylamine type 
triphenylamine, diamine type triphenylamine, derivatives of these, and polymer materials 
such as polyvinylcarbazole, polysilane and an electroconducting polymer. 
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In the organic EL device of the present invention, the hole-injecBng material which is more 
effective is an aromatic tertiary amine derivative or a phthalocyanine derivative. Although not 
specially limited, specific examples of the tertiary amine derivative include triphenylamine, 
tritolylamine. talyldiphenylamine, N,N'-diphenyl-N,N'K3-methylphenyl)-1.1-biphenyl-4.4 1 - 
diamine. N.N.^N^tra^-methylphenyO-l .I'-phenyM/t'-diamine, N.N,N',N'-tetra(4- 
methyiphenyD-l.l'-blphenyl^^iamine. N,N'-diphenyl-N,N--di(1-naphthyl)-1.r-biphenyl- 
4,4'-diamine, N.N^iCmetr^phenylVN.N-^n-butylphenyl^phenanthrene-g.lO- diamine, 
4,4', 4"-tris(3^thylphenyl)-N-phenylamino)triphenylamine, 1,1-bis(4-di-p- 

toiyiamirrophenyljcydohexane, and oligomers or polymers having aromatic tertiary amine 
structures of these. 

Although not specially limited, specific examples of the phthalocyanine (Pc) derivative 
include phthalocyanine derivatives or naphthalocyanlne derivatives such as H 2 Pc CuPc, 
CoPc. IMiPc. ZnPc, PdPc, FePc. MnPc, ClAIPc, CIGaPc. CllnPc, CISnPc, CI 2 SiPc. (HOJAIPc. 
(HOJGaPc, VOPc, TiOPc, MoOPc, and GaPc-O-GaPc. 

The hole transporting layer can reduce the driving voltage of the device and improve the 
confinement of the injected charge recombination within the triazlne light emitting layer. Any 
conventional suitable aromatic amine hole transporting material described for the hole- 
injecting layer may be selected for forming this layer. 

A preferred class of hole transporting materials is comprised of 4,4 l -bis(9-carbazolyl)-1.1 *- 
biphenyl compounds of the formula 




R 62 




wherein R m and R 62 is a hydrogen atom or an Ci-Caalkyl group; R 63 through R*are 
substituents independently selected tram the group consisting of hydrogen, a Ci-Cealkyl 
group, a d-Cealkoxy group, a halogen atom, a dialkytamino group, a Ce-Caoaryl group, and 
the like. Illustrative examples of ^'-bisCg-carbazolylJ-l.l'-hiphenyl compounds include 4,4"- 
bistS-carbazolylH.I'-biphenyl and 4,4'-bls(3-methyl-9^arbazolyl)-1.1 ■-biphenyl. and the like. 
The electron transporting layer is not necessarily required for the present device, but Is 
optionally and preferably used for the primary purpose of improving the electron injection 
characteristics of the EL devices and the emission uniformity. Illustrative examples of 
electron transporting compounds, which can be utilized in this layer, include the metal 
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chelates of 8-hydroxyquinoline as disclosed in U.S. PaL Nos. 4,539,507, 5,151,629, and 
5,1 50,006, the disclosures of which are totally incorporated herein by reference. 
Although not specially limited, specific examples of the metal complex compound include 
lithium 8-hydroxyquinolinate, zinc bis(8-hydroxyquinollnate), copper bis(8- 
hydroxyquinoiinate), manganese bis(8-hydroxyquinolinate), aluminum tris(8- 
hydroxyquinollnate), aluminum tris(2-methyl-8-hydroxyquinonnate) i gallium tris(8- 
hydroxyquinolinate), beryllium bis(10-hydroxybenzo[h]quinolinate), zinc bis(10- 
hydroxybenzo[h]quinolinate), chlorogallium bls(2-methyl-8-quinolinate) l gallium bis(2-methyl~ 
8-quinoIinate)(o-cresoIate), aluminum bis(2-methyl-8-quinolinate)(1 -naphtholate), gallium 
bis(2-methyl-8-quinollnate)(2-naphtholate), gallium bis<2-methyI-8-quinolinate)phenolate, zinc 
bis(o-(2-benzooxazolyl)phenolatB), zinc bis(o-(2-benzothiazolyl)phenolate) and zinc bis(o-(2- 
benzotrizolyl)pheno!ate). The nitrogen-containing five-membered derivative is preferably an 
oxazole, thiazole, thiadiazole, or triazole derivative. Although not specially limited, specific 
examples of the above nitrogen-containing five-membered derivative include 2,5-bis(1- 
phenyl)-1 ,3,4-oxazole, 1 ,4-bis(2-(4-methyi-5-phenyloxazolyI)benzene, 2,5~bis(1 -phenyl)- 
1 ,3,4-thiazole, 2,5-bis(1 -phenyl)-1 ,3,4-oxadiazole, 2-(4 , 4ert-butylphenyl)-5-{4 ,, -blphenyl)1 ,3.4- 
oxadiazole, 2,5-bis(1 -naphthyl)-1 , 3.4-oxadiazoie, 1 ,4-bis[2-(5-phenyloxadiazoiyl)]benzene, 
1,4-bisp-(5-phenyloxadiazolylH-tert-butyIberizene], 2-(4 , -tert-butylphenyl>^-(4 ,, -biphenyl)- 
1 ,3,44hiadiazoie, 2,5-bis(1 -naphthyl)-1 ,3,44hiadiazoie, 1 ^isp^S-phenylthiazolylMbenzene, 
2-{4'-tert-buty|phenyl)-5-(4 ,, -biphenyl)-1 ,3,4-triazole, 2,5-bis(1 -naphthyl}-1 ,3,4-triazole and 
1,4-bis[2-(5-phenyltriazolyl)]benzene. Another class of electron transport materials are 
oxadiazole metal chelates, such as bis[2-(2-hydroxyphenyl)-5-phenyl-1,3,4- 
oxadiazolato]zinc; bls[2-(2-hydroxyphenyl)-5-phenyl-1 ,3,4-oxadiazoIato]beryllium; bis[2-(2- 
hydroxyphenyl)-5-(1 -naphthyl)-1 ,3,4-oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-(1 - 

naphthylM ,3,4K>xadiazolato]beryllium; bisp-biphenyl-2-(2-hydroxyphenyl)-1 ,3,4- 

oxadiazolatojzinc; bis[5-biphenyl-2-(2-hydroxyphenyl)-1 ,3,4-oxadiazolato]beryilium; bis(2- 
hydroxyphenyl)-5-phenyl-1 ,3,4-oxadiazolatollithium; bisp-(2-hydroxyphenyl)-5-p-tolyM ,3,4- 
oxadiazolato]zinc; bis 2-(2-hydroxyphenyl)-5-p-tolyl-1 I 3,4-oxadlazolato] beryllium; bis[5-(p- 
tert-butylphenyl)-2-{2-hydroxyphenyl)-1 ,3,4oxadiazolato]zinc; bis[5-(p-tert-butylphenyl)-2-P- 
hydroxyphenyl)-1 ,3,4-oxadiazolato]berylliu m; bis[2-(2-hydroxyphenyl)-5-(3-fluorophenyl)- 
1 ,3,4-oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-(4-fluorophenyl)-1 .3,4-oxadiazolatD]zinc; 
bisp-P-hydroxyphenyl)-5-<4-fluorophentf^^ bis[5-<4- 
chlorophenyl)-2-(2-hydroxyphenyl)-l ,3,4-oxadiazolatoJzinc; bis[2-(2-hydroxy phenyl)-5-(4- 
methoxyphenyl)-1,3,4-oxadiazolato]zlnc; bisP^-hydroxy^methylphenylVS-phenyl-l^^ 
oxadiazolatojzinc; bisp-.alpha.-(2-hydroxynaphthyl)-5-phenyl-1 ^^xadiazolatojzinc; bisp- 
(2-hydroxyphenyl>^-p-pyridyl-1 ( 3,4-oxadiazolato]zinc; bisP-(2-hydroxyphenyl)-5-p-pyridyl- 
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1 3 4-oxadiazolato]bery..iunv. bisp^-hydroxyphenyl^-thiophenyD-l .3.4- 

oxadiazolatolzino; bista^-hydroxyphenyl^henyl-l ^iadiazolato^nc; bls[2-(2- 
hydroxyphenyiyS-phenyl-l^thiadiazolatolberylHum; bisr2-{2-hydroxyphenyl>5-<1- 
naphthyD-LS^thiadiazolatolzinc; and bis[2-(2-hyd ro xyphenyI)^1-naphthyl)-1.3.4- 
thiadiazolato]beryllium, and the like. 

In the organic EL device of the present Invention, the light-emitting layer may contain, .n 
addition to the light-emitting organic material of the present Invention, at least one of other 
light-emitting material, other dopant, other hole-injecting material and other electron-injecbng 
material. For improving the organic EL device of the present invention in the stability agamst 
temperature, humidity and ambient atmosphere, a protective layer may be formed on the 
surface of the device, or the device as a whole may be sealed with a silicone oil. or the like. 
The electrically conductive material used for the anode of the organic EL device is suitably 
selected from those materials having a work function of greater than 4 eV. The electrically 
conductive material includes carbon, aluminum, vanadium, iron, cobalt, nickel, tungsten, 
silver, gold, platinum, palladium, alloys of these, metal cxldes such as tin oxide and Indium 
oxide used for ITO substrates or NESA substrates, and organic electroconducbng polymers, 
such as polythiophene and polypyrrole. 

The electrically conductive material used for the cathode is suitably selected from those 
having a work function of smaller than 4 eV. The electrically conductive material includes 
magnesium, calcium, tin. lead, titanium, yttrium, lithium, ruthenium, manganese, alummum 
and alloys of these, while the electrically conductive material shall not be limited to these. 
Examples of the alloys Include magnesium/silver, magnesium/indium and lithium/alum.num. 
while the alloys shall not be limited to these. Each of the anode and the cathode may have a 
layer structure formed of two layers or more as required. 

For the effective light emission of the organic EL device, at least one of the electrodes is 
desirably sufficiently transparent in the light emission wavelength region of the device. 
Further, the substrate is desirably transparent as well. The transparent electrode « 
produced from the above electrically conductive material by a deposition method or a 
sputtering method such that a predetermined light transmittance is secured. The electrode 
on the light emission surface side has for instance a light transmittance of at least 10%. The 
substrate is not specially limited so long as it has adequate mechanical and thermal strength 
and has transparency. For example, it is selected from glass substrates and substrates of 
transparent resins such as a polyethylene substrate, a polyethylene terephihalate substrate, 
a polyether sulfone substrate and a polypropylene substrate. 

In the organic EL device of the present invention, each layer can be formed by any one of dry 
film forming methods such as a vacuum deposition method, a sputtering method, a plasma 
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method and an ion plating method and wet film forming methods such as a spin coating 
method, a dipping method and a flow coating method. The thickness of each layer is not 
specially limited, while each layer is required to have a proper thickness. When the layer 
thickness is too large, inefficiently, a high voltage is required to achieve predetermined 
emission of light When the layer thickness is too small, the layer is liable to have a pinhole, 
etc., so that sufficient light emission brightness is hard to obtain when an electric field is 
applied. The thickness of each layer is for example in the range of from about 5 nm to about 
10 urn, for instance about 10 nm to about 0.2 urn. 

In the wet film forming method, a material for forming an intended layer is dissolved or 
dispersed in a proper solvent such as ethanoi, chloroform, tetrahydrofuran and dioxane, and 
a thin film is formed from the solution or dispersion. The solvent shall not be limited to the 
above solvents. For improving the film formabiiity and preventing the occurrence of pinholes 
in any layer, the above solution or dispersion for forming the layer may contain a proper resin 
and a proper additive. The resin that can be used includes insulating resins such as 
polystyrene, polycarbonate, polyarylate, polyester, polyamide, polyurethane, polysulfbne, 
poiymethyl methacrylate, polymethy! acrylate and cellulose, copolymers of these, 
photoconductive resins such as poly-N-vinylcarbozole and polysilane, and electroconducting 
polymers such as polythiophene and polypyrrole. The above additive includes an antioxidant, 
an ultraviolet absorbent and a plasticizer. 

When the light-emitting organic material of the present invention is used in a light-emitting 
layer of an organic EL device, an organic EL device can be improved in organic EL device 
characteristics such as light emission efficiency and maximum light emission brightness. 
Further, the organic EL device of the present invention is remarkably stable against heat and 
electric current and gives a usable light emission brightness at a low actuation voltage. The 
problematic deterioration of conventional devices can be remarkably decreased. 
The organic EL device of the present invention has significant industrial values since it can 
be adapted for a flat panel display of an on-wall television set, a flat light-emitting device, a 
light source for a copying machine or a printer, a light source for a liquid crystal display or 
counter, a display signboard and a signal light 

The material of the present invention can be used in the fields of an organic EL device, an 
electrophotographic photoreceptor, a photoelectric converter, a solar cell, an image sensor, 
dye lasers and the like. 

The triazine compounds of formula I are novel. Hence, a further subject of the present 
invention is directed to triazine compounds of formula 
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JL 



XX 



(I), wherein 



. 1 » r.^ 




R ir R" R^R'" R w R 

W is a group of formula 

X and Y are independently of each other an aryl group or a heteroaryl group, especially a 

mm aa' _4fi __46* 




(Pr 42 




r 48 R 45 R 4T R 4r 



, wherein 

r« r 1 * r 12 , r 12 , R«, R iy . R 1S . R ,ff . R 16 . * w . R 17 . Rir - R " R 41 '- R " r " 

r" Ft 4 * R 47 and R 4r are independently of each other H, E. CrCaryl; Ce-C 18 aryl which is 
substitu^d by G; C-Cealkyl; C,-C, 8 alkyl which is substituted by E and/or interrupted by D; 
CVC,,aralkyl; or CrCisaralkyl which Is substituted by G; or 

and R 12 , R 12 and R 13 , R* and R 18 . R ,ff and R 17 . R 44 ' and R 48 and/or R and R are each 
a divalent group L 1 selected from an oxygen atom, an sulfur atom, >CR 18 R 19 >SiR ,8 R», or 



R w RS0 



' .wherein 

R 18 and R 19 are IndependenUy of each other C,-C 18 alkyl; Ci-Ci 8 alkoxy. CpC 18 aryl; Or 

SCt, R' 2 and R- *» and H- rt» and R«\ R 14 and R- R« and R« rt- and R«\ 
R^andR"R 4, andR 4 ^R 42 andR 42 .R 4!? andR 48 .R 41 andR 48 .R 44 andR 44 -.R 4S andR 4S .R 

and R 48 , R 47 and R 4r . R 4 * and R 48 and/or R 47 " and R 48 ate each a divalent group 

„31 



R 32 R 91 



% ' , wherein 

R 30 R 31 R 32 , R 33 , R 49 and R 50 are independently of each other H, d-Ci 8 alkyl; Ci-Csalkyl, 
which is substituted by E and/or interrupted by D; E; Ce-C^aryl; Ce-C 18 aryl, which is 
substituted by E; 
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R 14 is H, C 2 -C 3 oheteroaryl l Cz-Cgoheteroaryl, which is substituted by G, Ce-doaryl, or dr 
Caoaryl, which is substituted by G, CrCi 8 alkyl; or Ci-C 18 alkyl which is substituted by E and/or 



-<p- 




interrupted by D; especially R ™ , *** " , or 



rZ7 r28 r2S . wherein R 21 , R 22 , R 23 , R 24 , R 25 , R 28 and R 27 are 
independently of each other H, E, d-dealkyl; d-daalkyl which is substituted by E and/or 
interrupted by D; E; Cr-Ciuaralkyl; Cr-Ciearalkyl which is substituted by G; 
R 43 and R 48 are independently of each other H, E; d-dealkyl; d-dealkyl. which is 
substituted by E and/or interrupted by D; Cz-doheteroaryl; C^doheteroaryl, which is 
substituted by G, C7-C«aralkyi; or C7-Ci 8 aralkyl which is substituted by G; 
D is -CO-; -COO; -OCOO-; -S-; -SO-; -SOz-; -O-; -NR 5 -; SiR^R 82 -; -POR 5 -; -CR 63 =CR 64 -; or - 
C=C-; 

E is -OR 8 ; -SR 5 ; -NR 6 R 6 ; -COR B ; -COOR 7 ; -OCOOR 7 , -CONR 5 R 6 ; -CN; or halogen; 
G is E, or Ci-Ci 8 alkyl ( 

wherein R 5 and R fl are independently of each other Ce-Ci 8 aryl; Ce-d 8 aryl which is 
substituted by d-C^alky!, Ci-Ci 8 alkoxy; or d-d 8 alkyl which is interrupted by-O-; or 

O 



R 5 and R 8 together form a five or six membered ring, in particular 





O 

» 

R 7 is Ce-Ciearyl; d-dearyl which is substituted by d-C ia alkyl, Ci-Ci 8 alkoxy; or d-daalkyl 
which is interrupted by-O-; 

R 8 is C7-Ci2alkylaryl; d-C 18 alkyl; or Ci-Ci 8 alkyl which is interrupted by-O-; 

R 61 and R 82 are independently of each other Ce-dsaryl; Ce-daaryl which is substituted by Ci- 

C 18 alky1, Ci-Ciealkoxy; or d-dealkyl which is interrupted by-O-, and 
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R» and R« are independently of each other H, Ce-Ci 8 aryl; Ce-C 18 aryl which is substituted by 
Ci-C 18 alkyl. Ci-Ciealkoxy; or C-Cieaikyl which is interrupted by-O-. 




W is preferably a group of formula 

-o 

R 13 , R 13 ", R 15 and R 15 ' are H and R 20 is H, especially , or 

R 13 and R 15 are H, R 13 " and R 15 are independently of each other H. Chalky!, or d-Cealkoxy, 
and R 20 is H, Ci-Caallcyl, or Ci-Csalkoxy; or 

R« R^andR^areH.andR^andR^are 

R 20 . R 1s and R 1S are H, and R 13 and R ,3f are 
wherein 

R», R 31 , R 32 and R^are H, C-Csalkyl. orC-Qtflkoxy, and 
X and Y are as defined above. 

According to the present invention at least W. preferably W and Y, most preferred W. Y and 




R ir R" K*K* R w R 

X are a group of formula 



Accordingly, in one preferred embodiment of the present invention the triazine compound is a 
compound of formula I, wherein W and Y are independenlly of each other a greup of formula 



r"r 11 ' p"p 1s " P 13 




especially 
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■ f , or , wnerein i\ , r , rs. , 

R 12r , R 13 , R 13r ( R w . R 15 , R 1 * R 16 , R 18 \ R 17 , R 17 , R 41 , R 41 , R 42 , R 42 ", R 44 , R 44 ', R 4S » R 4 *, R 40 , R 46 *. 



R 47 , R 47 *, R^and R^are as defined above, and are especially H f Ci-C 8 alkyl, d-CBalkoxy, or 
phenyl. 

R 1 \ R 1V , R 12 , R 12 *. R 13 . R 13 ", R 15 , R 15 \ R 16 . R ier , R 17 and R 1T , R 41 , R 41 *, R 42 , R 4 *, R 44 . R 44 . R 45 , 
R 45 ", R 46 , R 43 *, R 47 , and R 47 as well as R 14 , R 43 , and R 48 are preferably Independently of each 
other H, E; or Chalky!, especially H, Ci-C4alkyl, Ci-C 4 alkoxy, or phenyl; wherein E Is -OR 6 ; 
-SR 5 ; -NR^; -COR 8 ; -COOR 7 ; -CONR 5 R 6 ; -CN; -OCOOR 7 ; or halogen; wherein R s and R 6 
are independently of each other Ce-C^ary, or Ci-C 8 alkyl; 
R 7 is C7-C12 alkylaryl, or Ci-CeaikyI; and 
R 8 is Ce-Cizaryl; or Ci-CsalkyI, or 

R 11 and R 1V , R 12 and R 12 *, R 13 and R iar . R 13r and R 14 , R 41 and R 41 ', R 41 ' and R 43 , R 44 and R 44 ', 

R 48 and R^.R 48 " and R 48 and/or R 47 and R 48 are each a divalent group * ' . 

In one more preferred embodiment of the present invention W, X and Y are independently of 
each other a group of formula 
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R 12 R 12 * R 13 R 13 * 




R 1T R 17 R^R 18 R it? R 15 





>or R 1T R 17 R 16, R - k- k s 
R n R ir R « R iz ( R « R iy R is j R isr | R « R 17 and R 1T are independently of each other 
H, Ce-C^aryl; CVC 18 aryl which is substituted by G; E, d-daalkyl; d-daaikyi which is 
substituted by E and/or interrupted by D; Crdearalkyl; CVC^aralkyl which is substituted by 
G; and D, E, G, R 14 , R 18 and R 1B are as defined above, or 
W is a group of the formula -W 1 -W 2 -W 3 , 
X is a group of the formula -X 1 -X 2 -X 3 and 

Y is a group of the formula -Y 1 -Y 2 -Y a , wherein W\ W 2 , X 1 . X 2 , Y 1 and Y 2 are independently of 
each other a group of formula 




-o-.-c .. 

and W 3 . X 3 and Y 3 are Independently of each 

Q Q 



other a group of formula 
defined above. 




, wherein R 14 Is as 



W, X and Y can be different, but have preferably the same meaning. 

Triazine compounds of formula I are preferred, wherein R 11 . R 11 '. R 12 . R 12 *. R 13 . R 13> » r16 » r1 * 
R* «». R 17 and R 17 *, R*\ R 42 , R*. R 44 . R 44 '. R 45 . R 4 *. R ". R ^ and ^ are 
independently of each other H, E; or Ci-Cealkyl; wherein 

E is -OR 5 ; -SR 5 ; -NR 5 R e ; -COR 8 ; -COOR 7 ; -CONRSR 6 ; -CN; -OCOOR 7 ; or halogen; wherein 
R 5 and R 6 are independently of each other CVCiaaryl; or d-Csalkyl; 
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R 7 is C7-C12 alkylaryl, or Ci-Cealkyl; and 
R 8 is Ce-Ct2aryl, or Ci-Caalkyl. 



Especially preferred are triazine compounds of formula I, wherein 

W, X and Y are independently of each other a group of formula 



, wherein R 13 . R 13 *, R 15 and R 1{r are H and R 20 is H, 



especially ^ — , or ,or 

R 13 and R 16 are H, R 13 * and R 15 "are independently of each other H, Ci-Cealkyl, or d-Csalkoxy, 
and R 20 is H, Ci-Cealkylp or C-Cealkoxy; or 




R* R 15 and R iS are H, and R 13 * and R^are 



* # 

R 3 ! R 31 



,or 



R 20 , R 15 and R 1ff are H, and R 13 and R^are .wherein 
R 30 . R 31 , R 32 and R^are H, Ci-Cealkyl. or Ci-Cealkoxy; or wherein 
W, X and Y are independently of each other a group of formula 

R 1 




, or 

wherein R 18 and R 19 are independently of each other Ci-Cealkyl. 




Specific examples of preferred triazine compounds are: 
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A24 R = iso-Bu 
A25 R= n-Octyl 




A32 R = iso-Bu 
A33 R= n-Octyl 




A37 R= Iso-Bu 
A38 R= n-Octyl 
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The present triazine compounds show a high solid state fluorescence in the desired 
wavelength range and can be prepared according to or analogous to known procedures. The 
triazine compounds of the present invention of the formula: 
Ar 




Ar" ^ ^ At 

can, for example, be prepared according to a process, which comprises reacting a derivative 
of formula 

R 1C ~ 




wherein R 100 stands for halogen such as chloro or bromo, preferably bromo, or E having the 
meaning of 

^2 



wherein a is 2 or 3, 

with boronic acid derivative 

E-Ar, 

or - In case R 100 is not halogen - 
HalnAr, 

wherein Hal stands for halogen, preferably for bromo, 



, or 



wherein Ar is drCao-aryl. which can be substituted, especially 

\ ss ~/ \=/ v—y ^ jn ^0 presence of an allylpalladium catalyst of the fi- 
halo(triisopropylphosphine)(ii 3 -ailyl)paJladium(ll) type (see for example W099/47474). 
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Accordingly, unsymmetrical substituted triazine compounds of the present invention of the 
formula: 



can, for example, be prepared according to a process, which comprises reacting a derivative 
offormula 



d-C^alky! is a branched or unbranched radical such as for example methyl, ethyl, propyl, 
isopropyl, n -butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl, n-penlyl, isopentyl, 1- 
methylpentyl, 1,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl. isoheptyl, 1,1,3,3- 
tetramethyibutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-trimethylhexyI, 
1.1,3,3-tetramethyIpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 1,1,3,3,5,5- 
hexamethylhexyl. tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, or octadecyl. 

Ci-C 18 Alkoxy radicals are straight-chain or branched alkoxy radicals, e.g. methoxy, ethoxy, n- 
propoxy, isopropoxy, n-butoxy, seo-butoxy, tert-butoxy, amyloxy, isoamyloxy or tert-amyloxy, 
heptyloxy, octyloxy, isooctyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, tetradecyloxy, 
pentadecyioxy, hexadecyloxy, heptadecyloxy and octadecyloxy. 

C2-C 16 AIkenyl radicals are straight-chain or branched alkenyl radicals, such as e.g. vinyl, 
allyl, methallyl, isopropenyl, 2-butenyl, 3-butenyl, isobutenyl, n-penta-2,4-dienyl, 3-methyl- 
but-2-enyl, n-oct-2-enyl, n-dodec-2-enyl, isododecenyl, n-dodec-2-enyl or n-octadec-4-enyi. 



N^N 





with a boronic acid derivative E-Ar, wherein E is as defined 



above. 



Qa-jwAlkynyl is straight-chain or branched and preferably Ca^alkynyl, which may be 
unsubstituted or substituted, such as, for example, ethynyl, 1-propyn-3-yl, 1-butyn-4-yl, 
1-pentyn-5-yl, 2-methyl-3-butyn-2~yl 1 1 ^-pentadiyn-S-yl, 1 ,3-pentadiyn-5-yl, 1-hexyn-6-yl, 
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ds^methyl-a-penten^yrvl-yl, trans-S-methyl^-penten-^yn-l-yl, 1,34iexadiyn*yl, 
1-octyn-8-y1, 1-nonyn-9-yl, 1-decyn-10-yl or l-tetracosyn-24-yl, 

C4-C, B cycloalkyl is preferably Cs-C^doalkyl, such as, for example, cyclopentyl, cydohexyl, 
cydoheptyl. cydooctyl, cydononyi, cydodecyl, cydododecyi. Cydohexyi and cydododecyl 
are most preferred. 

The term "aryl group" is typically C-Caoaryl, such as phenyl, indenyl. azulenyl, naphthyl. 
biphenyl. terphenylyl or quadphenylyl, as-lndaoenyl. s-lndacenyl. acenaphthylenyl, 
phenanthryl. fluoranthenyl, triphenlenyl. chrysenyl. naphthacen. picenyl, peryienyl. 
pentapheny). hexacenyl, pyrenyl. or anthracenyl. preferably phenyl. 1-napmhyl. 2-naphthyl. 
phenanthryl. 2- or 9-fluorenyl. 3- or 4-biphenyl, which may be unsubstftuted or substituted. 
Examples of <VC, B aryl are phenyl. 1 -naphthyl. 2-naphthyl. 3- or 4-biphenyl. phenanthryl. 
2- or 9-fluorenyl, which may be unsubstftuted or substituted. 

C r C»aralkyI radicals are preferably CrC 18 aralkyl radicals, which may be substituted, such 
as. for example, benzyl. 2-benzyl-2-propyl. p-phenyl-ethyl. a.cHllmethylbenzyl. 
^phenyl-butyl. ^(sniimethyl-^phenyl-butyl. ^phenyl-dodecyl. ophenyl-octadecyl. 
^phenyt-eicosyl or ©^henyl-docosyl, preferably C-Caralkyl such as benzyl. 
2-toenzyl-2-propyl. p-phenyl-ethyl, o.c«Jimethylbenzyl, o-phenyl-butyl. 

cooydimethyl-ayphenyl-butyl. a>phenyl-dodecyl or (o-phenyl-octedecyl. and particularly 
preferred C-C^aralkyl such as benzyl. 2-benzyl-2-propyl, Phenyl-ethyl, 
oca-dimethylbenzyl, ophenyl-butyl, or c^oxlimethyl-ophenyl-butyl. In which both the 
aliphatic hydrocarbon group and aromatic hydrocarbon group may be unsubstftuted or 
substituted. 

C7-C 12 allcylaryl Is. for example, a phenyl group substituted with one. two or three Ci-Cealkyl 
groups, such as. for example. 2-. 3-. or 4-methylphenyl. 2-. 3-. or 4-ethylphenyl. 3-. or 4- 
isopropylphenyl, 3.4-dimethylphenyl. 3.5-dlmethylphenyl, or 3,4.5-Wmethylphenyl. 

The term "heteroaryl group", especially C^Csoheteroaryl. is a ring, wherein nitrogen, oxygen 
or sulfur are the possible hetero atoms, and is typically an unsaturated heterocyclic radical 
with five to 18 atoms having at least six conjugated it-electrons such as thienyl, 
benzoMthienyl, dibenzo[b,d]thienyl. thianthrenyl. furyl. furfuryl. 2H-pyranyl. benzofuranyl. 
isobenzofuranyl. 2H-chromenyl. xanthenyl. dibenzofuranyl. phenoxythienyl. pyrrolyl, 
imidazolyl, pyrazolyl. pyridyl. bipyrfdyl. triazlnyl. pyrimidinyl. pyrazinyl, 1H-pyrrolizinyl, 
isoindolyl, pyridazinyl. indolizinyl. isoindolyl. indolyl. 3H- tndolyl. phthalazinyl. naphthyridinyl. 
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quinoxalinyl, quinazolinyl, cinnolinyl. indazolyl, purinyi, quinolizinyl, chinolyl, isochinolyl, 
phthalazinyl, naphthyridinyl, chinoxalinyl, chinazolinyl, cinnolinyl, pteridinyl, carbazolyl, 4aH- 
carbazolyl, carbolinyl, benzotriazolyl, benzoxazolyl, phenanthridinyl, acridinyl, perimidinyl, 
phenanthrolinyl. phenazinyl, isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl or 
phenoxazinyl, preferably the above-mentioned mono- or bicyclic heterocyclic radicals, which 
may be unsubstttuted or substituted. 

Halogen is fluorine, chlorine, bromine and iodine. 

Examples of a five or six membered ring formed by R 5 and R 6 are heterocycloalkanes or 
heterocycloalkenes having from 3 to 5 carbon atoms which can have one additional hetero 



6 0 0. 



atom selected from nitrogen, oxygen and sulfur, for example , , u ,or 

-/|] . -rCl 

° , which can be part of a bicyclic system, for example 

I 

N. 





Possible substituents of the above-mentioned groups are Ci-CealkyI, a hydroxy! group, a 
mercapto group, Ci-C 8 alkoxy, d-Cealkylthlo, halogen, haJo-CrCealkyl, a cyano group, an 
aldehyde group, a ketone group, a carboxyl group, an ester group, a carbamoyl group, an 
amino group, a nitro group or a silyl group. 

As described above, the aforementioned radicals may be substituted by E and/or, if desired, 
interrupted by D. Interruptions are of course possible only in the case of radicals containing 
at least 2 carbon atoms connected to one another by single bonds; C<rCiearyl is not 
interrupted; interrupted arylalkyl or alkylaryl contains the unit D in the alkyl moiety. Ci- 
Ct B alkyl substituted by one or more E and/or interrupted by one or more units D is, for 
example, (CH 2 CH20)n-R x , where n is a number from the range 1-9 and R x is H or d-doalkyl 
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or Cz-doalkanoyl (e.g. CO-CHfC^C^g), CHjrCH(OR»K*rO-R y . where R y is C-Ctealkyl. 
C^Ciacydoalkyl, phenyl, CT-Ciephenylalkyl, and R* embraces the same definitions as R* or 
is H; Ci-Cealkylene-COO-R 2 , e.g. CHaCOOR*. CHCCHJCOOR 1 , C^HafcCOOR*, where R* is 
H. Ci-Ci 8 alkyl, (CH 2 CH 2 0) 1 ^-R x , and R* embraces the definitions indicated above; 
CH 2 CH2-0-CO-CH=CH 2 ; CH 2 CH(OH)CH2-0-CO-C(CH 3 )=CH2. 

The electroluminescent devices may be employed for full color display panels in. for 
example, mobile phones, televisions and personal computer screens. 

The following Examples illustrate the invention. In the Examples and throughout this 
application, the term light emitting material means the present triazine compounds. 



Examples 
Example 1 




In a 25ml three necked vessel equipped with a reflux condenser, an argon inlet and a 
thermometer, 0.5g 2,4,64risK4-bromophenyIH.3,5-triazine [synthesized according to 
Hayami S., Inoue K., Chem. Letters, (1999), (7), 545-546] and 0.816g 4-biphenylboronic acid 
are added to 10ml of toluene under argon. Then a solution of 2.238g CsCOa in 3.5ml water is 
added, and 1% of a palladium(ll)cata!yst [described in W099/47474] is added. Then the 
mixture is heated to reflux for 3 hours. The product is filtered and washed with acetone. Then 
the product is recrystailized from dimethylformamide. The fine crystals are washed with 
isopropanol and dried. 0.51g of pure product (A1) are obtained. Melting point 360°C. 
1 H NMR (CDCIa, 300MHz): 5= 8.91 (6H), 7.89 (6H), 7.82 (6H), 7.75 (6H), 7.68 (6H), 7.49 
(6H), 7.40 (3H). 
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Example 2 




Br 



A solution of 28.3 g (0.120 mo!) p-dibromo-benzene in 90 ml terahydrofurane (THF) is added 
dropwise under nitrogen to 3.21 g (0.132 mol) of magnesium in 10 ml diethyl ether. The p- 
dibromo-benzene solution is added in a way that the reaction mixture keeps refluxing. After 
the addition of the p-dibromo-benzene solution the reaction mixture is stirred for 1 h. This 
solution is then added to a solution of 5.53 g (30 mmo!) of cyanuric chloride in 50 ml THF. 
The reaction mixture is stirred for 5 h at 20 °C and then hydrolysed with water and 20 % 
hydrochloric acid. The water phase is extracted with dichloromethane. The organic phase is 
dried with magnesium sulfate and filtered on silica gel with dichloromethane. The solvent is 
removed in vacuum. After recrystallisation in toluene 2.1 g (4.93 mmol; yield 16 %) of the 
product are obtained. 



Example 3 




1 .72 g (8.75 mmol) phenylbronlc acid are added to 1 .06 g (2.5 mmol) 1 ,3-bis-(-p- 
bromophenyi>-5-ch!oro4riazine in 50 ml dimethoxyethane (DME) under argon. To this 
solution 2.85 g (8.75 mmol) Cs 2 C0 3 in 5 ml water and 1% of a palladium(ll)cataJyst 
[described in W099/47474] are added. The reaction mixture is refluxed for 18 h and then 
diluted with water. The product is filtered off, washed with 20 % hydrochloric acid and then 
water. After recrystallisation in DMF 1.1 g (1 .59 mmol; yield 64 %) of the product are 
obtained. 

Application Example 1 
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Present compound A1, as light emitting material. 2,5-^18(1 -naphthylVLS^^diazole and a 
polycarbonate resin in a weight ratio of 5:3:2 are dissolved in tetrahydrofuran, and the 
solution is spin-coated on a cleaned glass substrate with an ITO electrode to form a light- 
emitting layer having a thickness of 100 nm. An electrode having a thickness of 150 nm is 
formed thereon from a magnesium/indium alloy having a magnesium/indium mixing ratio of 
10/1, to obtain an organic EL device. The device exhibits light emission with excellent 
brightness and efficiency at a direct current voltage of 5 V. 

Application Example 2 

Present compound A1 is vacuum-deposited on a cleaned glass substrate with an ITO 
electrode to form a light-emitting layer having a thickness of 100 nm. An electrode having a 
thickness of 100 nm is formed thereon from a magnesium/silver alloy having a 
magnesium/silver mixing ratio of 10/1. to obtain an organic EL device. The light-emitting layer 
is formed by deposition under a vacuum of 10" 8 Torr at a substrate temperature of room 
temperature. The device shows emission having an excellent brightness and efficiency at a 
direct current voltage of 5 V. 

Application Example 3 

Present compound A1 is dissolved in methylene chloride tetrahydrofuran, and the solution is 
spin-coated on a cleaned glass substrate with an ITO electrode to form a light-emitting layer 
having a thickness of 50 nm. Then, aluminum bis(2-methyl-8-quinolinate)(2-naphtolate) is 
vacuum-deposited to form an electron transporting layer having a thickness of 10 nm, and an 
electrode having a thickness of 100 nm is formed thereon from a magnesium/aluminum alloy 
having a magnesium/aluminum mixing ratio of 10/1, to obtain an organic EL device. The 
light-emitting layer and the electron-injecting layer are formed by deposition under a vacuum 
of 10" 6 Torr at a substrate temperature of room temperature. The device shows an emission 
having an excellent brightness and efficiency at a direct current voltage of 5 V. 

Application Example 4 

One of hole transporting materials (H-1) to (H-6) is vacuum-deposited on a cleaned glass 
substrate with an ITO electrode, to form a hole transporting layer having a thickness of 30 
nm. Then, present compound A1 is vacuum-deposited to form a light-emitting layer having a 
thickness of 30 nm. Further, one of electron transporting materials (E-1) to (E-6) is vacuum- 
deposited to form an electron transporting layer having a thickness of 30 nm. An electrode 
having a thickness of 150 nm is formed thereon from a magnesium/silver alloy having a 
magnesium/silver mixing ratio of 10/1 , to obtain an organic EL device. Each layer Is formed 
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Application Example 5 

On a cleaned glass substrate with an ITO electrode, 4,4 , ,4 B -tris(N-(3-methylphenyl)-N- 
phenylamino)triphenylamine is vacuum-deposited to form a hole-injecting layer having a 
thickness of 25 nm. Further, a hole transporting material (H-1 ) is vacuum-deposited to form a 
hole transporting layer having a thickness of 5 nm. Then, compound A1 as light-emitting 
material is vacuum-deposited to form a light-emitting layer having a thickness of 20 nm. 
Further, an electron transporting material (E-1) is vacuum-deposited to form an electron 
transporting layer having a thickness of 30 nm. Then, an electrode having a thickness of 150 
nm is formed thereon from a magnesium/silver alloy having an magnesium/silver mixing ratio 
of 10/1, to obtain an organic EL device. The device shows emission having an outstanding 
brightness and efficiency at a direct current voltage of 5 V. 

Application Example 6 

A hole transporting material (H-5) is vacuum-deposited on a cleaned glass substrate with an 
ITO electrode to form a hole transporting layer having a thickness of 20 nm. Then, compound 
A1 as light-emitting material is vacuum-deposited to form a light-emitting layer having a 
thickness of 20 nm. Further, an electron transporting material (E-2) is vacuum-deposited to 
form a first electron transporting layer having a thickness of 20 nm. Then, an electron 
transporting material (E-5) is vacuum-deposited to form a second electron transporting layer 
having a thickness of 10 nm, and an electrode having a thickness of 150 nm is formed 
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thereon from a magnesium/silver alloy having an magnesium/silver mixing ratio of 10/1, to 
obtain an organic EL device. The device shows light emission having an excellent 
brightness and efficiency at a direct current voltage of 5 V. 

Application Example 7 

An organic EL device is prepared in the same manner as in Example 4 except that the light- 
emitting layer is replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing 
compound A1 and one of the dopant compounds (D-1) to (D-7) in a weight ratio of 100:1. All 
the organic EL devices obtained in these Examples shows high brightness characteristics 
and gives intended light emission colors. 




Application Example 8 

On a cleaned glass substrate with an ITO electrode, N.N'-l-naphthyt-N.N'-diphenyl-l.l'- 
biphenyt-4,4'-diamine and 5,10-diphenylanthracene are vacuum-deposited to form a hole- 
injecting layer. Further, 4,4'-bis(9-<»rbazolyi)-1.1-biphenyl is vacuum-deposited to form a 
hole transporting layer. Then, compound A1 as light-emitting material is vacuum-deposited to 
form a light-emitting layer. Then, an electrode is formed thereon from a magnesium/silver 
alloy having an magnesium/silver mixing ratio of 9/1, to obtain an organic EL device. The 
device shows emission having an outstanding brightness and efficiency at a direct current 
voltage of 5 V. 
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The organic EL devices obtained in the Application Examples of the present invention show 
an excellent light emission brightness and achieved a high light emission efficiency. When 
the organic EL devices obtained in the above Examples are allowed to continuously emit 
light at 3 (mA/cm 2 ), all the organic EL devices remain stable. Since the light-emitting 
materials of the present invention have a very high fluorescence quantum efficiency, the 
organic EL devices using the light-emitting materials achieved light emission with a high 
brightness in a low electric current applied region, and when the light-emitting layer 
additionally uses a doping material, the organic EL devices are improved in maximum light 
emission brightness and maximum light emission efficiency. Further, by adding a doping 
material having a different fluorescent color to the light-emitting material of the present 
invention, there are obtained light-emitting devices having a different light emission color. 
The organic EL devices of the present invention accomplish improvements in light emission 
efficiency and light emission brightness and a longer device life, and does not impose any 
limitations on a light-emitting material, a dopant, a hole transporting material, an electron 
transporting material, a sensitizer, a resin and an electrode material used in combination and 
the method of producing the device. The organic EL device using the material of the present 
invention as a light-emitting material achieves light emission having a high brightness with a 
high light emission efficiency and a longer life as compared with conventional devices. 
According to the light-emitting material of the present invention and the organic EL device of 
the present invention, there can be achieved an organic EL device having a high brightness, 
a high light emission efficiency and a long life. 
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Claims 



1 . A triazine compound of formula I 



(I), wherein 



R 11 R 11 ' 




W Is a group of formula 
X and Y are independently of each other an aryl group or a heteroaryl group, 

R 41 R 41 ' R 44 **" " " 



especially a group of formula K K , . " * .or 



R 




R R R .wherein 
R 11 . R 11 \ R 12 , R 12 \ R 13 , R 13 \ R 16 . R 15 *, R 1fl . R 18 \ R 17 . R 17 *, R 41 , R 41 . R 42 , R 42 . R 44 , R 44 '. 
R 45 . R 45 *, R 46 , R 40 ', R 47 and R 4r are independently of each other H, E, Ce-Ct 6 aryl; Qr 
C 18 aryl which Is substituted by G; Ci-C 18 alkyl; C-Ci 8 alkyl which is substituted by E 
and/or interrupted by D; Cr-Cisaralkyl; or C7-Ci 8 aralkyl which Is substituted by G; or 
R 11 and R 12 , R 12 " and R 13 , R 16 and R 18 . R 1ff and R 17 . R 44 and R 40 and/or R 46 * and R^are 
each a divalent group L 1 selected from an oxygen atom, an sulfur atom, >CR 18 R 19 

>SIR 18 R 19 , or , wherein 

R 18 and R 19 are independently of each other Ct-Cisalkyl; Ci-Ciaalkoxy, Ce-Ci 8 aryl; Ct- 
Ctsaralkyl; 

R 11 and R 11 ', R 12 and R 12 , R 13 and R 13 ", R iy and R 14 . R 14 and R 15 , R 15 and R 15 \ R 18 and 
R 18 , R ir and R 17 , R 41 and R 41 ', R 42 and R 4sr , R 42 " and R 43 , R 41 and R 43 , R 44 and R 44 ' R 45 
and R 45 *. R 48 and R 48 ". R 47 and R 47 , R 4 * and R 48 and/or R 47 * and R 48 are each a divalent 

=»82 0 31 



R \> R 



R 33 — </ >-r*> 
group .wherein 
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R 30 , R 31 , R 32 , R 33 , R 49 and R 50 are independently of each other H, d-dealkyl; Ci- 
C 18 aHcyI, which is substituted by E and/or interrupted by D; E; Ce-daaryl; Ce-dearyl, 
which is substituted by E; 

R 14 is H, CrCroheteroaryl, d-doheteroaryl, which is substituted by G, Ce-Csoaryl, or 
Qrdoaryl, which is substituted by G, Ci-d 8 alkyl; or Ci-Ci 8 alkyl which is substituted by 

R 22 



21 R R — 



R 23 R 25 

E and/or interrupted by D; especially R . ' % i% • m 

R 21 R 22 R 23 

R 27 R 26 R 25 , wherein R 21 , R 22 , R 23 , R 24 . R 25 . R 26 and R^are 
independently of each other H f E, Ci-Ci 8 alkyl; Ci-Ci 8 alkyl which is substituted by E 
and/or interrupted by D; E; Cr-Cisaralkyl; CrCi 8 aralkyl which is substituted by G; 
R 43 and R 48 are independently of each other H, E; d-dsalkyl; d-Ciaalkyl, which is 
substituted by E and/or interrupted by D; Cz-Caoheteroaryt; Cz-Caoheteroaryi, which is 
substituted by G, C7-Ci 8 aralkyl; or C7-Ci 8 aralkyi which is substituted by G; 
D is -CO; -COO-; -OCOO-; -S-; -SO-; -SQzS -O-; -NR 5 -; SiR^R 82 -; -POR 6 -; 
-CR^R 84 -; or-CM>; 

E is -OR 5 ; -SR 5 ; -NR S R 8 ; -COR 8 ; -COOR 7 ; -OCOOR 7 , -COIMR^; -CN; or halogen; 
G is E, or Ci-Ci 8 alkyl, 

wherein R 5 and R 6 are independently of each other Ce-Cisaryl; Ce-Ci 8 aryl which is 
substituted by d-dsalkyi. d-Ci 8 alkoxy; or d-C i8 alkyl which is interrupted by-O-; or 



O 



— N 

R 5 and R 6 together form a five or six membered ring, in particular 




* 

R 7 is Ce-dearyl; Ce-Ciearyl which is substituted by d-dealkyl, d-dsaikoxy; or d- 
dealkyl which is interrupted by-O-; 

R 8 is CT-Cizalkylaryi; C,-C 18 alkyl; or Ci-C«alkyl which is interrupted by -O-; 
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R 61 and R 82 are independently of each other Ce-dearyl; C6-C 1B ary) which Is substituted 
by Ci-Ci 8 a!kyl» d-dealkoxy; or d-Ci 8 alkyl which Is intenrupted by-O-, and 
R 63 and R 64 are independently of each other H, Qrdearyl; C<rdearyl which Is 
substituted by d-daalkyl, d-dsalkoxy; or d-dsalkyi which is interrupted by -O. 



A triazine compound of formula I according to claim 1, wherein W, X and Y are 
independently of each other a group of formula 



,ii e ii' 



12 D 12- p13 & 13' 




R 17 R 17 R 1ff R 16 R 15 " R 15 




R 1T R 17 R lff R ie R™W* 





rrk ~ or kkkk - - , wherein 
R 11 , R 11 \ R 12 , R 1Z , R 13 , R 13 \ R 15 , R 15 ", R 16 , R 18 \ R 17 and R 1T are independently of each 
other H, Ce-dsaryl; Ce-dsaryl which is substituted by G; E, d-dsalkyl; d-dsalkyl 
which is substituted by E and/or interrupted by D; Cr-daaralkyl; CT-dearalkyl which is 
substituted by G; and 

D, E, G, R 14 , R 1e and R 19 are as defined In claim 1, or 
W is a group of the formula -W 1 -W 2 -W 3 , 
X Is a group of the formula -X^X^X 3 and 

Y is a group of the formula -Y 1 -Y 2 -Y 3 wherein W 1 , W 2 , X 1 , X 2 , Y 1 and Y 2 are 
independently of each other a group of formula 

\=/ , \=/ , or V_ / 

and W 3 , X 3 and Y 3 are independently of 

// \ 



each other a group of formula 
wherein R 14 is as defined above. 




-o 
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3. The triazine compound according to claim 1 or 2, wherein R 1 \ R 11 \ R 12 . R 12 \ R 13 . R 13 \ 
r 15 , r«*. R« R* f R 17 and R 1T i R 41 , R 41 ', R 42 , R 42 *, R 44 . R 44 ', R 45 , R 45 *. R 48 . R 48 * R 47 « «* 
R 47 * as well as R 1 *, R 43 , and R 48 are independently of each other H, E; or d-Cealkyl; 
wherein E is -OR 6 ; -SR 6 ; -NR S R 8 ; -COR 8 ; -COOR 7 ; -CONR 5 R 8 ; -CN; -OCOOR 7 ; or 
halogen; wherein R 5 and R 6 are independently of each other C6-Ci2aryi, or CrCaalkyl; 
R 7 is C7-Ci2alkylaryl f or CrCealkyl; and 

R 8 is Ce-Ciaaryl; or Ci-Caalkyl. 

4. The triazine compound according to any of claims 1 to 3, wherein 



or R 13 and R 15 are H, R 13r and R 16 *are independently of each other H, Ci-C a alkyl, or Ci« 
Csalkoxy, and R 20 Is H, Ci-Cealkyt, or C-dalkoxy; or 



W, X and Y are a group of formula 




R 13 , R 13 ', R i6 and R 16 ' are H and R 20 is H, especially 



-o „^yo 




R 13 , R 15 and R 1S are H, and R 13r and R^are 




R 20 , R 16 and R 16r are H, and R 13 and R 13 *are 



wherein 



R 30 , R 81 , R 32 and R^are H, d-Csalkyl, or Ci-C 8 alkoxy. 



5. The triazine compound according to any of claims 1 to 3, wherein 
W, X and Y are independently of each other a group of formula 
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d-Csalkyl. ■ 

6. The triazine compound according to claim 1, wherein 

W and Y are independently of each other a group of formula 
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wherein R 1 \ R"\ R 12 R 12 \ R 13 , R 13 ', R 14 , R 1S , R 1ff , R 16 . R 1ff . R 17 . R ir . R 41 . R 41 '. R 42 , R 42 *, 
R 44 , R 44 ', R 45 , R 46 ", R 48 , R 40 *, R 47 , R 47 ', R 43 and R 48 are defined as in claim 1, and are 
especially H, d-Csalkyl, d-Caalkoxy, or phenyl. 

7. An electroluminescent device, comprising a triazine compound of formula I according 
to any of claims 1 to 6. 

8. Electroluminescent device according to claim 7, wherein the electroluminescent device 
comprises in this order 

(a) an anode 

(b) a hole injecting layer and/or a hole transporting layer 

(c) a light-emitting layer 

(d) optionally an electron transporting layer and 

(e) a cathode. 

9. Electroluminescent device according to claim 8, wherein the triazine compound of 
formula I forms the light-emitting layer. 



10. 



Use of the triazine compounds of formula I according to any of claims 1 to 6 for 
electrophotographic photoreceptors, photoelectric converters, solar cells, image 
sensors, dye lasers and electroluminescent devices. 
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